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(54) DNAcWMfflHWH^flt 



(57) imm 

[MM] *%,Wli: 7°n-7"DNAtaWDNA,!: 

[ mkm£ ] £ $ ftT * h 7 n- 7" D N A t 

fg7°n-7"D N A tfltffiD N A fc £ i ■oTJftfcSflfc 
A>fyy -y FDNAtg^LfcfS-f y^-^P-^tS 

¥f}£<7)fmn&\ £ frf & D N A £ t&ffi-f & ,1 i: ;&> 
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jEt J: -5 TStgMI^[^£1M3». is £VW*,tt& 

irn -7'DNAt Mtffi DNAfc colS-^t: J: -3 T J^fiS. 

7"U -y FDNAfc^UtfJ;^ V?~i]V~ 

[IMII2 ] ;W 7'J y F D N At, *<75Sfi 

yy 7 k d n a izffiiz LtzWA >?-ni u-^izmx 

^ift(=i oTfBKS^ -f ^«iI*fJJ£-ri> i i tzX 

->xr\A -TWA xLtzmmDNA^mmammti 
ztfrt,%& d n Acommmmmum. 

[||^I13 ] 7°P-7"D N AnMM&ltffflSTfo-i 

Sif l tHBK<0J»«fflD N A<o«aJ36rffi. 
[11*114] S»*J^r?-xtL<(irJWXTO- 

jvz'fo-o-z, %<7)mwb<nu.&zx^xmKmz$zfcf 

t l < ti 2 ^F*5oMfL^iitis«E«D n Acommsm 
mm. 

twills] mmvm&m^&frwjyf-xu- 

•f 1st 1 1 1 < It 2 ^ftOWl^IIfcfStf^ D N 

Ac?)±MSM$!iiar;£ 0 

7A\ 7xD-fey«mM^iS'M^a^M-f v?- 
tils— zbifflkt-t&wnmi. 2hi<ii 

4 oft «Mix^ if fcfBfsO d N A^tMiiMK*^&„ 

[!f*H?7] -*ilt»ffi$^/i^SDNA&. 10 

mm t -tzmm 1 tiE»o d n A^iiJgst&atfrS;. 

[00 0 1 ] 

£oE?ii£^rr5DNA^ttffi-r5sa{cBffr4«>o 

T". ;W 7"U ^ -tf-^ 3 tfclfeBB-CfcS . 

[0 0 0 2] 

T . ^ >f 7" >J ^>f -fcf- y a yfe&sffl ^ 4 *VC V „ 
[00 03] ^tfCfcftfc:, @S^Jfc-rSjifE^^#M 
Wtsfifiai-f 5*at LT . ittrww 7" >J ^ a 



D N A £-8MJa±0»SWT" 77^V>tL, 7 

^'n-x^maij^^v^^yr^ y/i^rs k^vi- 

ftffit&o ftM. L fcfffi D N A §r^3^il DNAC 

fut^*«DNAt. ^ItttRfiTC* (JUT. RI 

N A (JUT. ro-7DNAtl^-3) t^^^7"U^ 
XS-ttfcft. 7^;P^-^a#-r^ 0 am*. IS7^^ 

^ ^ ^ - f 5 ^" 7 7 1 ^ tt . am-t & - 1 1 i 

ot7n- /DNAtA'f 7"'J X"f S^WE^j^ 
*t & D N A itkiiii- h Z t * S T" # !> „ 

[0004] l^l. TiB^wyA-f ryy-f-if-^ 
^*ji t %x mtmfr o t"^ < . k o ii^<oft« 

T. AVKt LT^t-i>^t(±, 24Wr B 1IU±«* 
««tL, ^DNAc7)S^>^V^t(±. 3 

[0005] -36r, 7 y r-f 3 yffit 

T^So t/c. Officii., X5-f W5^yija 
>-#c0* d N A^T S: S?IJ $ tt. D N A f - •/ 
7°fiffil>K(cHffljb$iiTV^„ U J t. IffliaseKJ:* 
ffife*- 1 '®; S ^ h . iJjEtfi^ffl^^ilJg^a^S 
■C*4 i t . m^Ortaffl^^^t-TeMJUTW^ 

I. 

[0006] tfz. %mzxi)^ Aim^tmmhm 

[0007] ±3icomm^^mmtiifmt lt, ru 
^DNA^iMt y^izmmtiijm>m^tix 

(fflf1T9 - 2 8 8 0 8 O^ffifc iU® 5 7 0^ 

mtmm^m^m. P i37-i38(i996 
¥) ) . wh. ftji^zmttzmmz-h^T . rn- 

XD N A#H£SivC =5:£«ffi t ISSD N A ( Brfr^ 

$3^W&<?Mtii*fflfct%> ■- 1 izk D . 7°u-7"D N 
AtB:fiDNAfcT"ffM$tL§v\^7'y <y FDNA»# 
4^tS!fBJ)I.V^W 7"U >y HDNAWi^ajg-tS^ 
ft (JUT. DNA-feV-^tV^) "C*S. 
V-9bLX\i, Mbja7ciStt2rS-^/t7xO-fe 
y^ft^ffl^ ^^X. i Wi. A>f 7" 'J >y H D N A 
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[0008] iJBOD N A-fe >tW;Tl± , U T)V? A A 

x^a yy >y f d n Acrmftfmmzmm&Tfri h „ 

**1£«S§Si^ Tn-^DNAj&sHSESfrc&S^S 
*MI»»T*§. fiP*>, * «rn-7"DNA^'EI£$ 

u rn-7"DNAtEj5G§€. wm&m*h^<n 

X'$) h o 

[0 0 0 9] L^U mfi^iiw-^yy^ DN 

Afi*ffi^j«^g. it^^^flw, ler^imiif 

D N A-te y-tfffiS: DNAf 7 7°&ffitj£-3'(t£ Z. k 

D N A C0«HiJ*a WBU^a * ftT ^ £ . 
[0 0 10] 

[?WjB$Li3fc-f!.tlgI] #&HHti, /n-7"D 
NAfcfj£ffDNAfc£, A V9-i3V-9^&£f\zmk 
7°P-7"D N A k m\D N A k COfa^XfctfZZtl 
tz^A 7V >y KDNAtSteLTHM yt—HV—f 

SffllS^S i 1 ± 0 , =l§5£<7)f£Sffiaj£#t& D N A 

ffift-f s <i 1 1* i. . 

[0011] 

mmmmirz^cnmu *wm<m%Az& y, 

!flgfcE5££*ite7°n-7'D N A -*if (cf!?ft£tfte 

A k MMfiD N A b cnm^z j; ^ TffMSftte-M 7" 'J 
■y FDNA tl* LtzWiA y flzmtlhWM. 

i , MjiMizmt i tzwumm t m& t ^p^n^ » 
&<7)i&mim^-fz> d n a & 8tai-f-s <r t a^&s d 

N ATjtMSM^ffiS'^'JilE^ilS^W^T^ s i t # 

watte. 

[0 0 12] ite, M^'J -y FD N At, -?-<?) 

vm^itmrnm^^mA y?-uu-?$;im$ 

-tL >M 7"U -y FDNA t^S'n Lfzt$.A V9-i]V-9 

Mjtm^itifzmimmbn&bcr) 

t fcj: -3 7" U ^"4 XLtetifflD N AOffff |4£**j 

ffi-fs - 1 1> t> t£ 1, d n A^mmmmum t ±ib^h 
[0013] d n Animmkftumois t umm 



( 1 ) TP-7'DNA<?)SSiEM* J KttTS>-3T. 
To-7"D N AZmmi ■! k ZWmb-fh D N A0)M 

( 2 ) Wmffyjvn-xls L<l±3Wfo-m-5 
S^-4fC*$ £ t ^Wmb-fh D N A«« 

( 3 ) %%itmmm\^mA y9-tv~9t\ m 
imm^^i-hit^mxhhL t wmb-th d n 

(4 ) ma^^Mtta^a^M-f 7 
x.a^ymmmMk¥i$'\tm^frWA y?-%u-? 

Th h Z k mm b t h D N A WtM!SM«ffi^ffi 0 
( 5 ) -*#:tMffi$-iiteMflDNA*\ 1 0- 18 ±)l 

m.io 11 ^icommcoMTiim^zkmrnkt 
zDNAcvmmmmftum, 

[00 14] 

[ wmmmmm ] *m<o dna co^s^tti^ 

li, JaTfclM a J!-tl>. igii^S^^tSte^^DNAf) 

[0015] DNAc0^iS^«!EfJ^)^at±s US 
SIC7n-7"D N A^'HSSflT^I> DNA-feyfi 
. Tn-7'D N A t-*«fc:PltS-^lC|6fD N A 

k znmtmmm^&frmA y^-zv-^mz 

T , #SOifiSE?iJ ^WDNA t S i t T"l> 
«ffi±t'Kt^-f 7"U ■/ FDNAj&i^jSSfVO^ 
i«t. i%A y?-%U—7$:1gM£itXi> XVk 
[00 16] DNACOtMSM^ffiTjffili, Jite^DNA 

k <7)Rj£tc j: x MTtm iz mtt h mmm $■ #s s * 
§ ; 1 1 j: -9 t w 7" y .y h d n a ttzmmt 
tm®m^&&MA y?-fi\s~9t,zmihmm., m 
jtmizmti fzmmmkmmk comcom^wmizx -> 
xmmzit. z<7)mmwmt&k\yo&mmmmm 

[00 17] tfz. mzB$L$tlX^&^A 7 V "/YD 

rni&mmzmKmizmtLtzWiimmknmk <rmn 
iotA>f 7"y ?a xLtzwmv n A<7)fflffitt£$utiir- 

5 i t i*^BJ!7)D N AWiiiiM^tH^r^'^itiiM^ 
[0018] *%Hff^D N AWtfiiM^ttl^t 
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i o o 1 9 ] m i a, mmtmmm^^m^ >?~ 

'J v KDNA ( 2 ) AWrLfc-lS ( 1 ) hoM^Wf 

m&w&*mr$-vs&mzhh. w*>, v& ( 1 ) t 

f4D N A t TfM^ilt A^f 7" 'J 7 F D N A ( 2 ) 

m^ft^siaii^iHy?-^-? O) j6*-o 

7xO*^™^. -it, SftiW (4) a 
£V*cotmk%:&mt (SU) i:. *M 

i^«igft#; (os) t^nsfis . s^trt&m^a 1 ? 
x a* yiH^i^s&fii. t mmmmti . bp*>, 
Stfy*-;^-? (3) (±, S7cS^fbL^iS« 

[0 0 2 0] Bffit UTii, DNA^mg-C'^StW 
[00 2 1 ] 7D-7*DNAi tTii. 4>ftl 

ffi Lfc D N A L , nmmizxim 
mxmm d n a s, & t -^ft^^f 

D N A c7)*§£fcti , mmfo h \ AtTiVii U ®Ht i -5 

[00 22] ±fE^— *IS^D N Aii, HS(C[15e^ 
IIDNA05' -tt<(±3' -* 

t (M. Maeda et a 1 . , C h e m . L e t 
t. , 180 5—1808(1994) iSltfB. A. 
Connol 1 y , Nucleic AcidsRe 
s. , 13, 4484 (1985) ) fctBK^ilT^ 

s. m^b. ±iKr,u i mzi.-ox%ibfitz^~)vm^ 
Atm^tih* 

[0023] mmtj^'y >-~A~^yxh^^. 7? 
$m<nM%ftjimi£v\*'Zl±. KM (K. M. Mi l l 

an et a 1 . , Analytical Chem 
istry, 65, 2317-2 323 (1993) ) 

izmmmmztix^i* 



[ 0 0 2 4 ] ; W 7"U ?A *£-is g >lt, ttSwSIHt^ 
jk^mA y9-f]V-9 fftff&T (cfr 5 - 1 £ L 
tg-^y^-* L— i4nM-ftmM«fiatEH 
fcj&W£U\ %$Ay9-ijV-9\±, TO 
-7'DNAiBfflDNAt«A>f7'y ^-f -tr- y 3 >ffl 

attfcffljfM-Sfcfttes MSiifcA^yy . y fdna 

tfit VftMftmS- L . Ra -f 7" >J y F D N A £ 
-fh* Z<Db%. IJH y9—f}U — 9b^A 7'J y FD 

K'j7inWjY-(7x p-fe U v 

Jfe^fifrft-S: nTI^C LTV^Ij „ ^ W 7"y ••/ H DNA« 
N A L 4 V ^ ft * l ^(4- B fe^ L T t <" t 

[0025] vMikmzmt^&frmA > 9-^^-9 
ti, mitmjtimmtmnxh'o , i^w/y 7 
kdn a«z*«{ciiv vs* i> mm. & w&x& 
zztrnt lw mmjammt ixmi< 

It, 7xnH:>^ft, ^rn-^TSW^ft. 
h-b°y^>|gfr. i|7x^X'J« L<i±b"^ 
n-fyyc&mxfoh > 3<!>tff4L<tt» 7xn*y 

$mi<ii, t-7^w>-^5K, ryb5-fey, r>- 

y^-^v-^ti;. 7xn-fe>-*w;ylN-hh'o^ 

tcj; 0 ^$tL^TIS^T"^§ti^ 7 x o-fe y-fbT-7 ^ , 
l/yy^FM*(S. Takenaka et a 
1. , J. Chem. Soc. , Commun. , 11 
1 1 (1 9 98) ) Xhh, 
[0026] 
[ft 13 

(NDIFyz) 




Fe 

[0027] tfc, TIE^T'^^tLl.7xP-fey-f^7 

[0028] 
[ft 2] 
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[00 29] fit, A«TIEitT"^$ fl 1 7 x o-fe yf^ 
(A3) 



NMe 2 




[0 0 3 2] 



CA5) 



[0 0 3 3] 
[ft6] 

(A6) 



O Fe 



„CH 3 
"CU 3 



(NDIi'c 2 -1) 



H 3 C 




H 3 C 



[0 0 3 6] m^iS»V^^y^-^L—^i;L 

T±ia«-f7^L-y^ s vimik*m^tzim&. 1-7 

; vf 7" U ■/ K D NACDMMksAMk tSgtM/^JB* 



[0030] 
[ft 3] 
(A1) 



(A2) 



M 



A ff 

O Fe 



[003 1] 
Ut4] 



,0 



OH 



O ; ; e 



OH 



(A4) 

>\*& 

O Fe 

NMe 2 

[0034] mms&m^&frMA v?-iiv- *t 

±iasT^3*i& 1 , 

A-i>yu h°;l/h°^5 y>S*siJ ytf-gfrfrtffiS-t 

tfJ'tti: A>f 7"U -y KDNAtc7)^* { i 

[0035] 
[ft" J 



(NDIFc r 2) 




H3C CH3 



D N A^Wfe^M y V~ i/ a yt- YX'fo 5 £ 
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^ tff -3 t tta t mtth z t tm $> kx w h . 
[ o o 3 7 ] iffiDNAti, mkmmmm&m<r> 

£Mi OttEiJLfcDNAfc, is*oafe4^(4T^U«k 
Sti^T, -*II«DNAtSlitt§-li:TffiiHt-§it 

ftfcMfiDNAii, mmeoDNAWfrk%;&tf^ To 

-7"DNAfc«tM^ffifflS^ll.DNA|lfm±. — 

- 1 8 -ft 1 0 - 1 0 ^UOJSHofiT'JB ^ £>ft & ^ b mi 
S10" 18 -SIO" 12 ^/l/cOieH^l-T'fflo 

[0 0 3 8] KftMtfc wmfrt>)& 

wnkfcmtk ti2 mTmjtvn o mmx-foiimmm 

^Jf^r— fe\ ^y#~ fe", TS>^>y— fel?£*? 
* t < ffifflt* ; fc £ . /n. J'— c 

(±, mwbLxzuzTV-iizmmi. 

[00 39] rfra-Xtti/jr-WZ, A s p e r g 
i 1 1 us nigertL'stiPenici 1 1 iu 

V\ 31/Xfn- /M^y^— fe'ti, Nocardia 
erythroporis. Brevibacter 
ium, Pseudomonas, Mycobacte 
r i umf^^tom^iti^LH. 

[0040] ;wyy^fe-y g >irrtiL 

»U «f^y?-/7^-?£^£LTiK.rM? 

[0 04 1] 7°n-7'DNAi:iSSDNAtt0MJ£^*S 
Hfi, «ffitS£fi.5«^*& aJSfS - i: J: 0 WBrt 

T" t? I) ^rST'S)ix(f fsrixo^'S 4> ffl £ ; t tfx-% h „ 

x^vi^y* h y *°f-y y a -y h^Wjja l< 

[0042] D N AtTDiMiSM^S^rffiTIi, ?]V3—X 

ti^n^Mit. ^& j t^^iztmtx2 o-i o 

y3S£^;t s ; 1 1 i d . 10 0fgiy±om^fi«iM 

[0 04 3] 

[HftM] [HSK0J1] 

{ 1 ) 7v-7DNAimfeZtlX%&n&<Dftf& 
mW,ti"2. 2 5mm 2 ^tffity 5' -^fc^l^ 
Th^y/l/^Sr^-f & 1 5 0t.°a^/t/«-?-3y'y«2 



Ofifr (dT 20 ) ; 
3' 

<7)*?§?S 2 At L £ ST L . T n- 7 D N A £ ffr£ L t „ 

T 2 o fiWm. $ tut i t § „ d T 2 o «i=rjj!cfc X t/HS 
fcfcowai, (WH¥9 - 2 8 8 0 8 0^#) 

(2) 7xO-fe>&^I'fyj'-7)l/-j'^ 

(3) iCHDNA<^jS 

tffiD N A t LT , TIEsS?*^ *l & 7r- yo 2 0 * 
ft(dA 20 ) ; 

5' -AAAAAAAAAAAAAAAAAAAA- 
3' 

( 4 ) StflD N ACOffi*WtU0«!m 
±IS ( 3 ) tit hfltz d A 20 ( 2 8 6 b'3t/H , TIB 

nHT$k § ft h 7 x n fe y « v ^ a A > $ - ij v - 9 

(50^M) s ?)V3-X ( 1 OmM) tiXlf^Ha- 
X^^^-f — \£ (Aspergillus niger 
Wt <M) » (200U) b&l&O. 1MBK 

-mm* y ( p h 5 . 6 ) - o . i M»fb& 

ifL, 2 5°CX20ftmJ>$;x<-}-Z-£tz. 
jL^-hft. «fi^5l#±tf, *ffi*5#H, 0. 1M 

'J yiok»-f h u 7i, - u y^7j<»n7- n y ^ A/Kit 
«(pH7. o) fCijfef^L, »o-<y^-^w- 

*Rj£?)dA 20s ffra-X&jiXfyH'a-Xtt 

•y^-m^^^"7A^}i5Et^ (02) „ mmt. X* 

X>m&2 5mV/mzXfi~?tl, 
[0044] 
Ut8] 
(NDIFcj) 




Fe 

[0045] [J±*SM l ] Z.ifi?)V3-x 

#tLTMffDNAOffl»^ffi^ff-?t (02) . 
[ 0 0 4 6 ] 112 i y . >?>3-7.fc Z.1f7iV?~X^ 
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2. 9uA-Qfo-otzcr>\ l znL. #4§# : 5:Vtf§£c9flSiL 
(*$|hM ?L> 'y^ykK^A) (i, -0. 1//A 

[0 04 7] [HSS0IJ2] USDNA ( dA 20 ) COWS. 

i^ttwm. mm 1 t ™*= LTiffi^if t^p 

ffiSrff^/t (03) „ ilgii, Ifi4 8 0mVCfe^T 
ffofc. 7 (4 1 ) Ji, l»DNA (dA 20 ) <T) 

m&tf i o vawcbhb % rmms. (s. 2ma) 

(4 2) (i, mg.tf2 0V^)lX'fo&t 
# ^mMfl ( 3 . 6 // A ) S-tkT , i/77(4 1' ) 
fci:yW57 (4 2' ) (±, -f-ti-fix, 7)V3-x& 

6. MfiDNA ( dA 20 ) Oiftgtf 1 0 tfr7t;U0^ag 
tt(0. 4// A) s 2 0h°r?^;l-£7)tijiifi (0. 6// 

A) 

[ 0 0 4 8 ] 03 i 0 , MftDNA ( d A 20 ) crMWfi 

& t 6 0-8 0^«Wt^f»(BS*iX:«a«S^L, ft 
flDNA (dA 20 ) «iftSSrl0t3t;W:L-C«>» H 

[0 04 9] io-C, 02£ j;y-03(i, M-f7''J 7 F 
D N A Lfc-f y-9—i] MiiMizmt I 



fzm itmrn t mm t nmnmT&mm-iK ^tizx 

0 WMfltMBSfifc 1 1 *^ LT . 
[0050] 

Sis itP^MCi: WKJEK J: o TStcM 
€SW£#ft§€&V^tJt^T, 2 0-10 OfecD 

^§ISfiDNA<?)iift^ai 0 18 -1*1 0- 12 ^)W) 

fii&zttfmt>frt%~>tz, 

[01 ] mm^mm^^m^ v^-tiv-jhK 
mmizmtLtzw^mnb^A 7"u -y yd na^ 

[02 ] /^n-^fc irj^a-x^ ^—fcffiqt 
[03] ^n-^fc «t 7/^/1/ 3 -X3j-df v te'£T 

xtfrnzftttT-c-commi) n Adjust twt?Mt 

[ft^M] 

1 1M 

2 A>f7y ? HDNA 

4 SHtBi* 



[0i] 



[02] 



Q Q Q ^ 




o s 



s u 



-3 
-2.5 
-2 

< -1.5 

a. 
^> 

s 1 

-0.5 

0 - 



0.5 




-100 0 100 ZOO 300 400 500 600 700 
Ste (mV) 
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[03] 



m 2 0 E- 

1.0 



4 1 



4 2 



4 1 ' 



42' 



10 10 20 

SWDNA (d/U,) ffljgg (pnioO 



20 



